Introduction
In recent years, lightweight structures have become more and more important for the transportation industry, since they allows reduction of fuel consumption and thus atmospheric pollution. The most common light metal is aluminium, that has a density close to 2.7 g/cm 3 coupled with interesting mechanical properties. Until 50 years ago, however, aluminium alloys were considered not weldable, due to the formation of aluminium oxide. Nowadays, the welding of aluminium is a well-known and much studied subject, since welds are often the weak point of a structure. Indeed, aluminium alloys are mainly reinforced by controlled ageing or plastic deformation, so that welds represent an area of the structure where the standard approach for improving mechanical properties is not applicable. On the other side, mechanical fastening or riveting brings to serious problems during application, so that a significant effort has been done to develop low cost and high efficiency joining techniques. The most used welding techniques are based on the localised melting of the alloys to be joined. The most common are MIG (metal inert gas welding), an arc welding under inert atmosphere with a metal fusible electrode, generally supplied with continuous current at inversed polarity, and TIG (tungsten inert gas welding), that is an arc welding under inert atmosphere with a tungsten electrode, often supplied with alternate current. These techniques avoid the formation of dangerous inclusions, by favouring the oxide removal and protecting the molten metal by inert gas. Oxyfuel and electrical resistance welding are also used, while the most recent techniques use plasma, an electron beam or a laser to induce melting and welding. Recently, friction techniques have gained much support, since they avoid melting of the involved alloys. General considerations about welding of aluminium alloys must take into account several features of this kind of process. First, aluminium is a good heat conductor, so that localized melting is difficult. Wide deformations and microstructure modifications are observed, since temperature is high even far from the weld. Second, aluminium is oxidised very easily, with state process, without the formation of a liquid phase as in more conventional welding techniques. The main parameters of FSW are the tool rotation rate, and the tool transverse speed. The direction of rotation is important for dissimilar alloys welding, where the two sides of the weld, the retreating (tool rotation goes against tool movement along the line of the joint) and the advancing one, correspond to different materials. FSW shows some advantages over traditional welding techniques involving material melting. First, no added metal is needed, so that many problems related to composition compatibility are overcome, suggesting an easier welding of dissimilar alloys. Second, the total energy consumption of the process is much lower than conventional methods, and there is no need to work with protective gas. Finally, the microstructure of the welds is often very good, with limited porosity, no hot cracking and low residual stresses, that brings to very interesting properties of the joints. However, this method needs expensive equipments and it is easily applicable only for joining plates or components with quite simple geometry, e.g. flat, L and T (Mishra & Ma, 2005) . During FSW, metal flows around the tool, following its rotation, and high temperatures develop. The microstructure of the joint is thus determined by these two phenomena. Metal flow is rather complex and yet poorly understood, and yet is the key parameter to optimize the tool composition and geometry, and FSW parameters (Reynolds, 2000; Reynolds, 2008; Yang et al., 2010) . Basically, it was observed that: advancing and retreating sides behaves very differently; the movement occurs both on the plane of the weld but also vertically; the alloys are not always mixed with a regular flow, but random distribution of the two alloys can occur, in particular on the top surface; often, however, alternating shapes (bands, lamellae, onions rings,…) are observed of the two metals, depending in any case on the geometry of the tool. Some authors suggest that FSW can be partially compared to an extrusion process (Krishnan, 2002a; Buffa et al., 2006) . The temperature reached during FSW is rather high, due to the intense plastic deformation occurring around the rotating tool and to the friction between the tool and the welded material (Mendez et al., 2010; Hamilton et al., 2008; Sato et al., 1999; Murr et al., 1998) . It is clear that the microstructure of the weld is heavily influenced by these phenomena, in particular concerning grain size, grain boundaries, type, size and shape of precipitates. The microstructure will then influence the mechanical behaviour of the weld. In the central zone of the weld, temperature can reach almost 500 °C, so that dissolution of precipitates can occur. This depends however on the specific alloy, since it is reported both dissolution (Sato et al., 1999) and permanence (Murr et al., 1998) of precipitates in the central part of the weld. In any case, it is rather accepted that the maximum temperature is observed at the centre of the weld, and that there is an isothermal zone positioned under the pin (Mishra & Ma, 2005) . As the distance from the weld centre grows, the temperature decreases. It has been suggested (Sato et al., 2002) that the temperature grows with the tool rotation rate, while the heating rate depends on the transverse speed, and that on the advancing side the temperature is slightly higher than on the retreating side. The combined effect of temperature and tool movement produces a very characteristics microstructure of FSW welds. In the stirred zone, where severe plastic deformation occurs, recrystallization and development of texture can be observed, together with precipitates dissolution and/or coarsening (Kwon et al., 2003; Charit & Mishra, 2003 , Sauvage et al., 2008 . Three main zones, shown in Figure 1 , can be discerned: the nugget, corresponding to the stirred zone; the thermo-mechanically affected zone (TMAZ); the heat-affected zone (HAZ). The nugget consists generally in a recrystallized zone with small grain size, with a shape that depends on the alloy type, the tool geometry and the processing parameters. Generally the nugget has either the shape of an ellipse or that of a wide glacial valley (Mahoney et al., 1998; Sato et al., 1999 , Mishra & Ma, 2005 . The microstructure is often characterised by fine equiaxed grains of a few microns size, even if sub-micrometric grains can be obtained by using special tools or by cooling the plate immediately after the weld (Kwon et al., 2003; Su et al., 2003; Benavides et al., 1999) . Regarding precipitates in the nugget zone, they can either be dissolved or coarsen, depending on the temperature and the alloy composition. The TMAZ is a sort of transition zone between the nugget and the base metal (Mahoney et al., 1998) . In this case, deformation occurs but not recrystallization, so that elongated grains are observed, with a pattern that follows the metal flow induced by the tool movement. High temperature is also present in this zone, so that precipitates dissolution can be sometimes observed (Sato et al, 1999) . The HAZ is simply a zone of the base metal that suffers high temperature due to the heat generated by plastic deformation in the nugget and TMAZ zones (Sato et al, 1998) . The very significant increase of temperature in the HAZ can cause precipitation and/or precipitates coarsening, with a negative effect on the mechanical properties (Jata et al., 2000) . During FSW, due to the complex deformation pattern and to the high temperature gradients, residual stresses develop in the weld. The study of residual stresses suggests that their magnitude is much lower than in the case of traditional fusion welding (Peel et al., 2003; Fratini et al., 2009; Hatamleh et al., 2008) . The stresses often presents an M shape, with the maximum stress close to the HAZ. The reason for this behaviour can be found in the fact that recrystallization reduces the extent of residual stresses, that is higher at the interface between the mechanical stressed zone and the heat-affected zone. This can be also due to the strong mechanical restraints needed for FSW (Mishra & Ma, 2005) . No very significant differences were observed between the advancing and the retreating side of the weld. Concerning the mechanical properties of the weld, it is important to consider both precipitation-hardened and solid-solution-hardened aluminium alloys, since hardness and other properties depends heavily on the alloy type. In particular, concerning precipitationhardened alloys, it is generally observed a region in the centre of the weld where hardness is lower than in the base alloys (Sato et al., 1999) . This behaviour has been generally ascribed to the coarsening and/or dissolution of the precipitates due to the high temperatures developed during FSW. Instead, in the case of solid-solution-hardened aluminium alloys, no reduction in hardness is generally observed in the weld (Svensson et al., 2000) . Tensile strength of the welds obtained by FSW has been much studied in the past (Mishra & Ma 2005) . This welding method brings to rather high mechanical resistance, if compared with standard fusion welding techniques. In particular it seems that in the nugget the reduction of mechanical properties is not very high, while the weak point of the weld is the interface between TMAZ and HAZ (Mahoney et al., 1998) . There, on the retreating side, failure generally occurs. Elongation at fracture generally decrease, because the strain is not anymore uniform along the sample, but is concentrated in the low-resistance zone. A post- weld aging treatment is needed on the precipitation-hardened alloys, in order to improve yield and ultimate strength, even if complete recovery of the elongation of the base alloys is not generally attained (Sato & Kokawa, 2001; Krishnan, 2002b; Sullivan & Robson, 2008; Malarvizhi & Balasubramanian, 2010) . Regarding fatigue resistance, FSW brings to a reduction of the fatigue strength at 10 7 cycles (Di et al., 2006; Jata et al., 2000 , Uematsu, 2009 , but this behaviour is believed to be strongly correlated with the bad surface finishing of FSW welds. A surface treatment with removal of a portion of the surface improves the fatigue properties close to those of the base metal. In any case it seems that friction stir welds behave better than those obtained by fusion welding methods. Fracture toughness of FSW welds has been measured both as significantly higher than that of the base metal (Kroninger & Reynolds, 2002; Mishra & Ma, 2005) and as lower than the base metal (Derry & Robson, 2008) . In the first case, this happens both in nugget zone and in HAZ/TMAZ region, even if in this latter case the values are lower than in the nugget. This behaviour is probably due to the presence of a finer microstructure, and finer precipitates, even if other mechanisms can be considered, like the presence of particle free zones (PFZ), the bonding strength between alloy and precipitates, the presence of low energy grain boundaries. In the case of lower toughness than base metal, the precipitate coarsening is the main cause of this phenomenon. As already pointed out, FSW is a very interesting method for the welding of dissimilar alloys and metals (Mishra & Ma, 2005; Murr, 2010; Dubourg et al., 2010; Kwon et al., 2008; Uzun et al., 2005; Lee et al., 2003) . In this case, the study of the welds is more complex, and literature is not univocal about the best approach to the welding treatment. For instance, it is reported that the low-strength alloy must be placed on the retreating side, but also on the advancing, in order to improve the weld strength. The microstructure in the nugget seems to be determined by the retreating side material, and joining two precipitate-hardened alloys brings generally to the failure of the weld in the HAZ, where over-aged precipitates are present. This does not seem to reduce substantially fatigue properties, though. In any case, the papers already published all suggests that FSW is a very promising technique for joining dissimilar alloys with defect-free welds and good mechanical properties. One of the main issues that are yet to understand concerning dissimilar alloys welding is the possibility of operating a post-weld heat treatment (PWHT). The current literature suggests that a PWHT is often needed, in particular if the welded alloys are in the O state (Krishnan, 2002b; Malarvizhi & Balasubramanian, 2010; Priya et al., 2009; Chen et al., 2006; Sullivan & Robson, 2008) . It is reported though that this kind of treatment can bring to grain growth and properties reduction, so that when aged alloys are welded, there is not yet total agreement on the best strategy to adopt. In this work, we try to propose a method for the optimization of the post-weld heat treatment on joints of dissimilar alloys. This approach can be applied on any two precipitation-hardened alloys, and consists in the coupling of microscopic observations, Differential Scanning Calorimetry (DSC) analyses and hardness measurements in order to improve the overall performance of the weld, avoiding weak spots in specific locations of the weld. Depending on the welding technique used, if LBW or FSW, the approach is slightly different, but the basic idea is the same. In LBW the fusion zone consists in the mixture of two or three different alloys, so that the standard treatments for the thermal aging of the base alloys can not be successfully used. By using composition analyses, DSC and microscopic observations, it is possible to determine the best thermal treatment for increasing the hardness of the weld without incurring in over-ageing of either the base alloys or the weld itself. In FSW no fusion zone is observed, however many modifications are observed in the HAZ, TMAZ and nugget. Starting from DSC analyses, that suggest the state of precipitates in the specific zones, it is possible to determine the best heat treatment temperature for the weld, and optimize its hardness. In both cases, two factors are to consider: over-ageing that can occur in the HAZ as a result of the temperature increase during welding; limited increase of hardness in specific weld zones, due to microstructure modifications. It is important to find a compromise between the properties of the base alloys and the properties of the weld, to avoid weak spots in the whole system.
Characterization techniques
Samples were taken from the different weld zones by cutting: fusion zone, HAZ and base alloys for LBW; nugget, TMAZ, HAZ and base alloys for FSW. Vickers or Brinell hardness was measured on polished cross-section of welded specimens, in the different zones of the weld and on base alloys. Microstructure was examined by optical microscopy and scanning electron microscopy. Compositional analysis of the different parts of the cross-section of the specimens was carried out by energy dispersive X-ray spectroscopy. Keller's reagent etching was sometimes used to improve the quality of optical microscopy observations. Differential Scanning Calorimetry was used in order to identify the thermal phenomena occurring during a temperature scan between ambient temperature and 500 °C, at a heating rate of 20 °C/min and under flowing Ar atmosphere. Indeed, DSC analysis has been frequently used to investigate the ageing sequence and the precipitation kinetics of several aluminium alloys (Mishra & Ma, 2005; Badini et al., 1990; Badini et al., 1995; Morgeneyer et al., 2006; Jena et al., 1989; Garcia Cordovilla & Louis, 1984; Garcia Cordovilla & Louis, 1991; Papazian, 1982; Genevois et al., 2005) . The DSC analysis of solution treated aluminium alloys allows to observe during a temperature scan the precipitation sequence and the dissolution of precipitates. This is possible since the formation of the strengthening phases (GP zones, metastable intermediate precipitates and stable hardening phases) results in exothermal peaks while the precipitates dissolution is an endothermic phenomenon. In the same manner DSC can be used to asses the state of a partially aged aluminium alloy. For instance, in the case of naturally aged specimens the peak relative to the GP zone formation is missing, and the peak concerning the formation of metastable precipitates is weakened. In the case of artificially aged specimens, both peaks are missing.
Results and discussion
The methodology proposed to analyse the behaviour of dissimilar alloys welds and to optimise their post-weld heat treatment (PWHT) is based on different steps: -analysis of the behaviour of the base alloys; -analysis of a weld between two parts of the same alloy (optional); -analysis of the weld between dissimilar alloys; -DSC analysis of samples taken from different parts of the weld; -post-weld heat treatment and hardness measurement. LBW has been performed using two continuous wave Nd:YAG lasers, with maximum laser power 4 kW and mixed argon and helium as shielding gas. T-shaped specimens were produced, and the chosen process parameters were: welding speed 6 m/min, wire feed rate 4.8 m/min, laser power 3.6 kW. The laser beam was focused on both sides of the contact surface between the two plates, using a 200 mm focusing lens and a 0.6 mm diameter focalized beam. Welded specimens were submitted to various artificial ageing treatments using an oil bath kept at constant temperature.
b. Analysis of the behaviour of the base alloys
In this case the analysis can be either experimental of based on the literature. The composition of the base alloys was already given in Table 1 , while the mechanical properties of 7000 and 2139 alloys are reported in 
c. Analysis of the weld of a single alloy
In the case of fusion-welded samples this step was not deemed necessary in order to study the weld between dissimilar alloys. In fact, the laser beam welding of two alloys with very different composition, adding a filler wire of a third alloy, brings to a material with a significantly different composition in the melted zone. Generally the weak spot in a LBW weld of a single alloy is between the weld and one of the base alloys, i.e. in the HAZ. However, when dissimilar alloys are considered, the alloy in the weld itself can become the weak spot due to the different composition and the lack of post-weld heat treatment (or due to an incorrect choice of temperature or time). d. Analysis of the weld between dissimilar alloys Figure 2 , showing the different zones by their composition: 2139 alloy on the lower part of the image (less zinc), 7xxx alloy on the top (high zinc content) and melted zone in the middle (high silicon content).
Fig. 2. Elemental map of a laser beam weld between 2139 (low) and 7xxx (high) alloys.
In Figure 3 the microstructure of different parts of the welds is shown. Hot cracks are not observed in the weld, and porosity is rare. The microstructure of 2139 alloy shows almost equiaxed grains, while 7000 series alloy shows the elongated grains typical of extruded structures. In the molten zone a very fine microstructure is observed, with small equiaxed grains. A small fraction of precipitates can be observed at grain boundaries. HAZ zones present a rather sharp transition between base alloy and fusion zone. The precipitates assume partially oriented features. 
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A hardness map of the weld is shown in Figure 4 . It is evident that the lowest hardness is observed in the weld zone. 
e. DSC analysis of samples taken from different parts of the weld
In the case of LBW, samples were taken from base alloys, from the HAZs, and from the fusion zone. Figure 5 shows the DSC curves for the 7000 series alloy and the fusion zone. The HAZ zones were too small to observe effects by DSC, so that measurements did not reveal further information on the HAZs. The DSC curve of 2139 alloy was flat, due to the fact that this alloy had been already submitted to heat treatment before welding.
The DSC experiments show, in the case of 7000 alloy, a endothermic peak due to precipitates dissolution, starting close to 100 °C, followed by a double exothermic peak, corresponding to the precipitation of intermetallic phases. The onsets of the two peaks are around 160-180 °C and close to 200 °C. A third exothermic peak is observed at higher temperature, close to 250 °C. The fusion zone presents no endothermic signal (due to lack of a significant quantity of precipitates), a small exothermic peak starting at 170 °C and a large exothermic peak starting at 200 °C. 
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From these data a convenient thermal treatment temperature must be chosen. Since ageing must not be carried out too far, to avoid excessive growth of precipitates, the temperature must be kept relatively low. For this reason in this case 170 °C was chosen as the heat treatment temperature. The peak of the fusion zone is starting right around this temperature, so that precipitation of strengthening phases is forecast. f. Post-weld heat treatment and hardness measurement A PWHT was performed by varying the time of the heat treatment in the range 0-18 hours, and microhardness measurements were performed on the obtained samples. The results are shown in Figure 6 . While the 2139 alloy maintains a constant hardness during heat treatment, the measurements demonstrates a significant increase in hardness over a limited time range for both 7000 alloy and fusion zone. An excessive permanence at high temperature brought to over-ageing in both zones. The choice of heat treatment time then is limited to 6 to 10 hours. In the former case (6 hours) the weld remains less hardened but the 7000 alloy does not go into over-ageing. In the latter (10 hours) the 7000 alloy becomes slightly over-aged but the weld receives the best hardening treatment. The approach based on the DSC measurements allowed thus to determine a convenient temperature for heat treatment. A higher temperature would bring to fast over-ageing of the weld, while a lower temperature would not guarantee a sufficient aging to grant the best mechanical properties. This was demonstrated by heat treating the alloys at 140 °C, far from the DSC peaks. Even if the 7xxx alloy showed an increase in hardness during this heat treatment, the weld hardness remained low, suggesting no improvement in its mechanical properties. Two kinds of weld were considered in this work: the first between two 6013 plates; the second between 2198 and 7475 alloys. The welding was performed by using a tool with a nib 3.2 mm long and with 4.7 mm diameter, and a shoulder with diameter of 13.4 mm. A milling machine Rigiva RS 100 was used for welding the sheets in the direction perpendicular to the rolling direction. The work conditions were welding speed from 50 to 200 mm/min, pin rotation speed 830 rpm and tilt angle of the tool 2°. Welded specimens were submitted to various artificial ageing treatments using an oil bath kept at constant temperature.
b. Analysis of the behaviour of the base alloys
The base alloys are well-known, so that composition and mechanical data were taken from the literature. Mechanical data of the three alloys are given in The 6013 T4 alloy has been shown to contain Si, GP zones and (AlFeMnSi) (probably of (Fe,Mn) 3 Si x Al 12 composition), with the development of Mg 2 Si ( '') and Al 4 Cu 2 Mg 8 Si 7 (Q') precipitates during ageing at 180 °C (Barbosa et al., 2002; Genkin, 1994) . Mg 2 Si precipitates are also known to grow from needle-shape to rod-shape and finally to plate-shape (Heinz & Skrotzki, 2002) . The passage from T4 to T6 brings to an increase of mechanical performance, in particular of yield strength, that has been motivated with the simultaneous presence of '' and Q' precipitates. Thus, a typical heat treatment for 6013 alloy is a T6, at 180-190 °C for a few hours. In 7475 alloy the typical precipitates are MgZn 2 (η or η') and CuMgAl 2 S phase (Norman et al., 2003) . The mechanical data of 7475 alloy were given in the T761 state since it is one of the most common state for this alloy. Moreover, after heat treatment the mechanical properties are heavily altered from those of W state, so that properties of the aged alloys are more interesting for comparison. Heat treatment is generally performed in two steps at around 120 and 180 °C (Li et al., 2007) .
82
The main precipitates in 2198 alloys aged at 155 °C are Al 2 CuLi (T1), then Al 3 Li (δ') and Al 2 CuMg (S'), sometimes Al 2 Cu, with formation of small AlLi and Al 3 Zr quantities (Cavaliere et al., 2009; Decreus et al., 2010; Chen et al., 2010) . Moreover, lithium allows for a reduction of weight (roughly 3% reduction every 1% of Li in the alloy).
c. Analysis of the weld of a 6013 alloy
The case of the welding of 6013 alloy will be considered as an example of the procedure that can be brought out to study the effect of welding on the properties of the alloy. Indeed, there is no real difference between the case of a single alloy weld and that of a dissimilar weld. The image of the 6013-6013 weld is shown in Figure 7 . Fig. 7 . Image of the weld between two 6013 alloy plates.
On Figure 8 are presented instead the Brinell and Vickers hardness curves for the weld. It is evident that the lower hardness is present on the retreating side of the weld, at the interface between TMAZ and HAZ. On Figure 9 is presented the DSC curves for samples taken at different positions along the weld. The curves show clearly how at +30 mm and -30 mm from the weld centre the 6013 alloy is in the unmodified T4 state. On heating an endothermic peak is observed typical of GP zones dissolution, around 160 °C, followed by three peaks for the precipitation of strengthening phases. At +10 and -10 mm from the weld centre, only a hint of the endothermic peak is observed, suggesting that GP zones dissolution already took place during the welding treatment, due to the increase of temperature. However the three peaks linked to precipitation are yet observed. At +5 and -5 mm, i.e. very close to the heavily deformed zone, only the exothermic precipitation peaks are observed. There is a small shift of the main www.intechopen.com peak toward lower temperature, with the second and third precipitation peaks disappeared or extremely low. In the nugget the main exothermic peak is wider and shifted toward lower temperature. This suggest that in this zone a finer microstructure is present, as confirmed by microscopic observations (Figure 10) , and/or higher residual stresses, that brings to an easier precipitation of strengthening phases. DSC analysis thus allows to roughly determine the state of the different parts of the weld, suggesting that for 6013 alloy precipitation must yet occur, so that a significant increase of hardness by PWHT can be obtained. As said before, 6013 alloys are generally heat treated at 180-190 °C for a few hours. The DSC trace shows that these temperature are quite far from the main precipitation peak, however DSC experiments made on heat treated samples demonstrate that a partial precipitation already occurs, probably with very small '' and Q' precipitates (Barbosa et al., 2002) . Figure 11 shows the DSC curves for welded samples aged at 160 (18 h) and 190 °C (3 h). It is evident that the intensity of the exothermic peak is much lower than the intensity before heat treatment. This suggests that precipitation occurred during heat treatment. The effect of precipitation can be observed in the hardness curves of Figure 12 . Figure 12 shows how the temperature of heat treatment heavily influences the behaviour of both base alloys and weld. Depending on the temperature of the heat treatment, different hardness profiles can be observed. If this heat treatment is kept at low temperature a lower increase of hardness of base alloys occurs, but a larger increase of hardness in the HAZ. If the heat treatment is made at higher temperatures, the precipitates growth prevails and no hardness increase in the weld is observed. In this last conditions, the marked improvement in hardness of the base metals risk to be overcome by the low resistance of the weld zone. 
d. Analysis of the weld between dissimilar alloys
The case of welding between 7475 and 2198 will be presented for the welding of dissimilar alloys. An image of the weld is shown in Figure 13 . Fig. 13 . Image of the weld between 2198 and 7475 alloy plates.
From the DSC curves of pure 2198 alloy (Figure 14) it can be seen that, passing from T3 state to solubilized one, a less marked exothermic precipitation is observed, and a higher temperature is required for the formation of the strengthening phases. This is probably due to the elimination of cold working effect thanks to the solution heat treatment. In the case of the dissimilar weld (Figure 15 ), curves for +30 mm from the weld (retreating side, 7475 alloy) are very similar to curves of the pure 7475 alloy, and the same happens for -30 mm (advancing side, 2198 alloy). The behaviour of the 7475 alloy side is quite constant for samples took on HAZ and TMAZ zones, showing only a smaller peak than the base alloy, linked to a partial precipitation of phases due to the high temperature suffered during welding. In the nugget, a behaviour similar to that of the 7475 alloy is observed, with a small precipitation peak. From the 2198 side, the effect of the high temperature developed during the welding is to eliminate the effect of the cold working, so that at -5 mm the curve is similar to the one of solution heat treated 2198 alloy. At -10 mm a peak is yet observed, even if shifted toward higher temperature with respect to the base alloy. Due to the different approach needed to age the 2198 and the 7475 alloys, different temperatures were tested also for a 2198-2198 weld, in order to understand the effect of temperature on the strengthening mechanism. At low temperature (155 °C) welds need very long times to reach good hardness values, as in the case of 6013 alloy. At high temperature (200 °C) the maximum hardness is reached in 3-4 hours (Figure 16 ). The ageing of 7475 alloy is generally realised in a two-step fashion, with a high temperature step at 170-180 °C. The curve showing the behaviour of a 7475-7475 weld is shown in Figure 17 . The risk of over-ageing is rather evident, however it must be stressed that the weak spot in a welded structure is often the weld. For this reason it was chosen to provide an increase of hardness for the 2198 HAZ/TMAZ zone and suffer a small over-ageing of the 7475 alloy.
The curve on Figure 18 shows the ageing curve for 2198-7475 weld. It is evident that while over-ageing is slowly occurring on the base 7475 alloy, precipitation is happening in the weld, with a significant hardening effect, that remains very low in the zone for optimal ageing of the only 7475 alloy. DSC curves confirm that precipitation occurred, as shown in Figure 19 . No significant peak was detected after ageing. Thus, post welding heat treatments are able to improve mechanical properties of the welds, if the ageing conditions are carefully controlled. The use of the standard ageing treatments used for the base alloys that have been welded not always provide the best results, neither for similar alloys welding nor for dissimilar ones. The control of the PWHT is essential for avoiding weak spots in the weld, that can lower substantially the mechanical properties of the whole welded system. 
Conclusion
In this work a method for the study of the ageing behaviour of laser beam or friction stir welds between similar or dissimilar alloys is presented. The approach is based on the DSC study of different parts of the weld. Coupling DSC measurements with literature data, it is possible to choose a convenient heat treatment to optimize the hardness profile of the weld. In most of the cases, a compromise must be found between the improvement of the weld properties and that of the base alloys. A laser beam weld of dissimilar alloys 2139 and 7xxx showed a marked increase in hardness for the weld, at expense of a slight over-ageing of the 7xxx alloy. In the case of the friction stir welding of a 6013-6013 system, a lower temperature than the standard one for the heat treatment of the alloy gives the best results, bringing to a slower yet more uniform hardness increase in the weld. Finally, in a 2198-7475 weld the permanence at high temperature must be carefully regulated: if a short time is chosen, the weld does not harden enough; if too long a time is selected, an important over-ageing of the 7475 alloy occurs.
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